Diameter discrepancy and treatment accuracy in external beam radiotherapy by Moghaddam Ghanbar Behnaz & Vahabi-Moghaddam Masoud
DI  AM  E  TER  DIS  CREP  ANCY  AND  TREAT  MENT  AC  CU  RACY
IN  EX  TER  NAL  BEAM  RA  DIO  THER  APY
by
Behnaz GHANBAR MOGHADDAM * and  Masoud VAHABI-MOGHADDAM
De  part  ment of Phys  ics, Uni  ver  sity of Guilan, Rasht, Iran
Sci en tific  pa per
DOI: 10.2298/NTRP1204374M
One of the most prob  lem  atic el  e  ments of ra  di  a  tion ther  apy is the de  ter  mi  na  tion of con  tour
data or treat ment depth which may vary due to var i ous pa ram e ters. The pro vi sion of this data
is cru cial for treat  ment cal  cu la  tions and setup. The pres  ent study is de voted to the as sess ment
of dis crep an cies be tween the wa ter equiv a lent (ef fec tive)  di am e ter and pa tient di am e ter of the
dose de liv ered to the tar get. Com bined en trance and exit dose mea sure ments were car ried out 
on pa tients treated for tho rax, ab do men, and pel vic can cers by 60Co gamma rays, us ing sil i con
di  odes. The ef  fec  tive di  am  e  ter and tar  get dose were eval  u  ated on the ba  sis of dose trans  mis  -
sion data. Our study re  veals that the most in  flu  en  tial pa  ram  e  ter lead  ing to dis  crep  an  cies in
tar  get dose de  liv  ery is the dif  fer  ence be  tween ef  fec  tive depth and pa  tient depth. A dif  fer  ence
of more than 5% in the tar  get dose is bound to hap pen when the dif fer ence be  tween the ef fec -
tive and con  tour di  am  e  ters is greater than 10%. There  fore, us  ing the ef  fec  tive di  am  e  ter for
treat  ment cal  cu  la  tions pro  vides a more re  al  is  tic value of the tar  get dose, since it in  cor  po  rates
the im  pact of all con  trib  ut  ing fac  tors.
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IN TRO DUC TION
An ideal radiotherapeutic pro  ce  dure would be
the one en  sur  ing an ex  act de  liv  ery of a suf  fi  ciently
high ra  di  a  tion dose to the tar  get vol  ume, while main  -
tain  ing the dose to the sur  round  ing nor  mal tis  sue as
low as pos  si  ble. This goal can be at  tained through a
pre  cise ther  a  peu  tic chain which can only be val  i  dated
by in vivo  do sim e try.  In  ad di tion,  in vivo  do sim e try
pro  vides help  ful hints for im  prove  ment in the qual  ity
of pa  tient treat  ment [1-9]. In this re  gard, in  ter  na  tional
and na tional or ga ni za tions have rec om mended cri te ria 
aimed at achiev  ing cer  tain ac  cu  racy and pre  ci  sion
stan dards.  Ac cord ing  to  the  in ter na tional  com mis sion
on ra  di  a  tion units and mea  sure  ments (ICRU), treat  -
ment un  cer  tainty should be within the 5 per  cent mar  -
gin of the dose pre  scribed in con  ven  tional ra  dio  ther  -
apy [10]. The pro posed mar gin is adapt able to mod ern
ther a peu tic  tech niques,  as  well  [11].
In vivo do  sim  e  try is usu  ally ap  plied to mea  sure  -
ments of the en trance, exit and intracavitary doses and
the de ter mi na tion of doses de liv ered to crit i cal or gans.
The en  trance dose serves to check the out  put and per  -
for  mance of the treat  ment de  vice, ac  cu  racy of pa  tient
set ups  and treat ment cal cu la tions. In  ad di tion, the exit
dose value is used to eval  u  ate un  cer  tain  ties re  lated to
pa  tient data, such as con  tour er  rors and tis  sue
inhomogeneities, as well as that of the al go rithm in the
treat ment  plan ning  sys tem  [5].
Ra  dio  ther  apy in  volves a num  ber of steps, each
of them con  trib  ut  ing to the over  all un  cer  tainty of the
dose de  liv  ered to the tar  get vol  ume. One of the most
prob  lem  atic stages of the pro  cess is the de  ter  mi  na  tion
of con  tour or treat  ment depth data which vary due to
hu man mis take, body shape, body move ments and tis -
sue inhomogeneity. The pro  vi  sion of this data is cru  -
cial for treat  ment cal  cu  la  tions and setup. The aim of
this  study,  be sides  im ple ment ing  an  in vivo
dosiometric pro  gram for the sake of qual  ity con  trol, is
the as  sess  ment of the role of dis  crep  an  cies be  tween
wa  ter equiv  a  lent depth and pa  tient depth in the ac  cu  -
racy of tar  geted dose de  liv  er  ies.
MA TE RI ALS  AND  METH ODS
In vivo do sim e  try has been per  formed on pa  tients
isocentrically treated for tho  rax, ab  do  men, and pel  vic
can  cers. The treat  ment dose was de  liv  ered thor  ough a
pair  of  par al lel  op posed  (POP)  an te rior-pos te rior
(AP/PA) treat  ment fields or along two POP lat  eral (L)
fields, as a four-field box tech  nique. Dose mea  sure  -
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which 214 were in the an  te  rior pos  te  rior (AP/PA) and
128 in lat  eral (L) po  si  tions. For each cou  ple of the POP
fields, the av  er  age dose val  ues were con  sid  ered as the
de liv ered dose. Pa tients have been treated by gamma ra -
di  a  tion (with an av  er  age en  ergy of 1.25 MeV ) from a
Theratron Phoe nix 60Co ther apy unit. En trance and exit
doses, de  fined as the depth of the dose max  i  mum from
the en  trance and exit sur  faces, re  spec  tively, have been
mea sured  si mul ta neously  dur ing  treat ment.  Mea sure -
ments have been car  ried out weekly, as a rou  tine check
for each pa  tient treated for tho  rax, ab  do  men or pel  vic
car ci noma,  us ing  PTW  in-vivo  Semi con duc tor  Probes,
along with a VIVODOS E Four-chan  nel do  sim  e  ter.
P-type di odes with an ef fec tive area of 1 mm2 and ef fec -
tive de  tec  tion thick  ness of 30 µm were used as well,
along with 1.0 g/cm2 of ti ta nium as the buildup ma te rial
for achiev  ing the re  quired elec  tron equi  lib  rium.
 In or der to con vert the di ode sig nal (in nC) to the
dose value (in cGy), a cal  i  bra  tion pro  ce  dure was car  -
ried out [12, 13]. Di  odes have been cal  i  brated for en  -
trance (Den) and exit dose (Dex)  mea sure ments,  sep a -
rately. A stan  dard 30 cm ´ 30 cm ´ 10 cm wa  ter
phan  tom was used to sim  u  late the body back  scat  ter
dur ing cal i bra tion. The di odes were ir ra di ated to iden -
ti cal dose val ues on the phan tom sur face un der the ref -
er  ence ge  om  e  try (field size of 10 cm ´ 10 cm and
source-skin dis tance (SSD) of 80 cm) and cor re spond -
ing sig  nals com  pared with the re  spec  tive ab  so  lute
dose val ues re corded by a 0.6 cm3 Guarded Farmer NE 
2571 ion  iza  tion cham  ber (IC) con  nected to a Farmer
NE 2670A electrometer. The IC was cal  i  brated by the
Na tional  Sec ond ary  Stan dard  Do sim e try  Lab o ra tory
and po si tioned in side the phan tom at the depth of 5 cm. 
The IC re  corded dose val  ues were then con  verted to
Den and Dex, us  ing the tab  u  lated per  cent depth dose
(PDD) data. The re la tion ship be tween the di ode sig nal
in nC and the dose value in di cated by the IC read ing in
cGy is found to fol  low a lin  ear func  tion, as pre  sented
in fig. 1.
Cor rec tion fac tors (CF) have been de ter mined so 
as to ac  count for the prob  a  ble dif  fer  ences be  tween
clin i cal  and  cal i bra tion  (ref er ence)  ge om e try.  For  this
pur pose,  the  in flu ence  of  vari a tions  in  gan try  ori en ta -
tion, source-skin dis  tance (SSD) and the field size of
the di  ode re  sponse, stud  ied (see figs. 2, 3, and 4). CF
has been de  fined as the ra  tio of the IC ab  sorbed dose
and di  ode read  ings in the two ge  om  e  tries [5]
CF
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B. Ghanbar Moghaddam, et al.:  Di am e ter  Dis crep ancy  and  Treat ment  Ac cu racy  in  ...
Nu  clear Tech  nol  ogy & Ra  di  a  tion Pro  tec  tion: Year 2012, Vol. 27, No. 4, pp. 374-379 375
Fig  ure 1. Dose – re  sponse func  tion for one of the di  odes;
the func  tion has been de  ter  mined for en  trance and exit
sur faces,  sep a rately
Fig  ure 2. An  gle cor  rec  tion fac  tor for one of the di  odes
Fig ure 3. Di ode cor rec tion fac tor as a func tion of the SSD 
for en trance dose (a), and exit dose mea sure ments (b); all 
data has been eval  u  ated on a 10 cm ´ 10 cm field size 
(at the collimator)The in  flu  ence of field sizes and SSD vari  a  tions
in di  ode re  sponses was found to amount to less than
1%  and,  there fore,  neg li gi ble.
The in  flu  ence of the gan  try ori  en  ta  tion and tem  -
per a ture  de pend ence  is  con sid ered  to  be  neg li gi ble,
due to the steady beam axis and rapid read  ings of the
di  odes [7]. The dose value is cal  cu  lated by re  plac  ing
the di  ode read  ing (R) in the de  ter  mined lin  ear cal  i  bra  -
tion func  tion.
The midline dose is cal  cu  lated on the ba  sis of
trans  mis  sion mea  sure  ments. The ra  tio of the exit dose
(Dex) to the en  trance dose (Den) is de  fined as the exit
trans mis sion  (Tex = Dex/Den). Also, the exit and
midline trans mis sions (Tex, Tmid) are cal cu lated and es -
tab  lished as ta  bles on the ba  sis of the fol  low  ing re  la  -
tions (adopted from [5])
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where  A0,  A, and Á are the field sizes at the en  trance,
midline and exit lev els. Z – the wa ter equiv a lent (ef fec -
tive) depth, and dm – the depth of the max  i  mum dose.
TMR and BSF stand for Tis  sue Max  i  mum Ra  tio and
the Back Scat ter Fac tor, re spec tively. The doses de liv -
ered to the midline (tar  get) were de  ter  mined based on
the method rec  om  mended by Leunens et al. [5]:
(1) de ter mi na tion  of  the  exit  trans mis sion  (Tex =
=.Dex/Den), us  ing the mea  sured en trance (Den) and
exit dose (Dex) val  ues,
(2) de ter mi na tion  of  wa ter  equiv a lent  thick ness  (Z)
for  the  pa tient,  in ter po lat ing  the  mea sured  Tex in
the Tex  ta ble  com posed  ac cord ing  to  re la tion  (2),
(3) ex trac tion  of  Tmid from the ta  ble com  posed ac  -
cord  ing to re  la  tion (3), con  sid  er  ing the value of Z
eval  u  ated in step 2, and
(4) es  ti  ma  tion of the midline ab  sorbed dose through
the mea  sured en  trance dose (Den) and cal  cu  lated
midline  trans mis sion  (Tmid) through the midline
trans mis sion  re la tion  (Tmid = Dmid/Den).
As for treat  ments where the tar  get was not
placed ex  actly at the midline, the given depth (c) was
con verted to the wa ter equiv a lent depth (w), through a
depth cor rec tion fac tor ( fd) de fined as fd = Z/d , d be ing
the pa  tient di  am  e  ter es  ti  mated from the body con  tour.
Upon that, the wa  ter equiv  a  lent depth was es  ti  mated
ac cord ing  to:  w = cfd.
RE SULTS  AND  DIS CUS SION
The re  sults of en  trance dose mea  sure  ments are
eval u ated as the ra tio of the mea sured (Den,m) to the ex -
pected (Den,cal) dose val  ues (Den,m/Den,cal)×100, as pre  -
sented in fig. 5. They show a rather Gaussi  an dis tri bu -
tion, with a mean value of 103.0% and a stan  dard
de vi a tion of 2.5%. At this level, both the en trance dose 
dis  tri  bu  tion and the av  er  age value show a sys  tem  atic
over  dose. The val  ues for AP/PA and L po  si  tions are
(103.0 ± 2.6)% and (103.0 ± 2.5)%, re spec tively. Vari -
a  tions of more than 5% have oc  curred in 17% of the
cases. The fre quency dis tri bu tions of the ra tio of ef fec -
tive to con  tour depths (Z/d) are pre  sented in fig. 6. A
more skewed Gaussi  an dis  tri  bu  tion was found when
the mean value amounted to (99.0 ± 7.7)%.  AP/PA and 
L po  si  tions with mean val  ues of (98.6 ± 7.9)% and
(99.7 ± 7.3)% showed a rel a tively sim i lar dis tri bu tion.
On the av er age, a sys tem atic un der es ti ma tion of the ef -
fec tive depth was de tected.  In this case, a dif fer ence of 
more than 5% oc curred in 21% of the treat ment fields,
most  likely  re lated  to  con tour  in ac cu ra cies,  body
shape, tis  sue inhomogeneity and body move  ment.
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Fig ure 4. Di ode cor rec tion fac tor as a func tion of the field
size for en  trance dose (a), and exit dose mea  sure  ments
(b); all data has been eval  u  ated in SSD = 80 cm
Fig  ure 5. Fre  quency dis  tri  bu  tion of the ra  tio of the
mea  sured en  trance dose (Den,m) to the ex  pected value
(Den,cal) for AP/PA and L po  si  tionIn or  der to eval  u  ate the con  tri  bu  tion of coun  ter
in ac cu ra cies  (hu man  mis takes),  the  di am e ter  was  ran -
domly checked by a cal  i  per on 48 pa  tients and the dis  -
crep  ancy with con  tour data de  ter  mined. The root
square of the dif  fer  ences is plot  ted in fig. 7. For com  -
par  i  son pur  poses, the root square of the dif  fer  ence be  -
tween  the  mea sured  di am e ter  and  the  ef fec tive  di am e -
ter is also pre  sented as a neg  a  tive value. Dif  fer  ences
be tween con tour and mea sured depths equal to 1cm or
over have been ob served in 18.7% of these cases, in di -
cat ing that di am e ter mea sure ments are the prob lem atic 
part of treat ment prep a ra tion. We have es tab lished that 
pa  tient thick  ness, es  pe  cially in the AP/PA po  si  tion, 
ex  tends up to 0.5 cm, due to res  pi  ra  tion,  and that the
ex  act di  am  e  ter is some  times hard to de  ter  mine, due to
body con  tour vari  a  tions along the treat  ment field, es  -
pe  cially for ex  ces  sively fat or slim pa  tients. The larg  -
est de  vi  a  tion from the ef  fec  tive depth was found in an
esoph  a  gus lat  eral field in which the pres  ence of the
lung lead to a de  vi  a  tion of al  most 4 cm. 
Fig  ure 8 shows the fre  quency dis  tri  bu  tion of the
midline dose ra tio (Dmid,m/Dmid,p)×100. Sim i larly to the
depth ra  tio, the midline dose ra  tio shows a wide
Gaussi  an dis  tri  bu  tion with a mean value of (102.6 ±
±.7.2)%. A dis crep ancy of more than 5% at the midline 
(tar  get) level was de  ter  mined in 28.0% of the treat  -
ment fields. In 8.9% of them, a dif  fer  ence in the en  -
trance dose, in 66.1% of them be  tween the con  tour
depth and ef  fec  tive depth, in 10.7% a dif  fer  ences in
both, while in 14.3% of the fields there were no dis par -
i  ties greater than 5%. 
The mean per  cent  age ra  tio of the midline dose
for AP/PA and L Po  si  tions was found to amount to
(102.8 ± 5.4)% and (102.4 ± 9.6)%, re  spec  tively. 
CON CLU SIONS
The over  all ac  cu  racy of the treat  ments has been
stud ied  by  in vivo  do sim e try,  us ing  sil i con  di odes  on
pa  tients treated for tho  rax, ab  do  men, and pel  vic tu  -
mors  in  ex ter nal  beam ra dio ther apy.  Wa ter-equiv a lent
depth and the midline dose have been eval  u  ated us  ing
trans mis sion dose data. Though a sys tem atic over dose
of ap  prox  i  mately 3% at the en  trance level was de  -
tected, to some ex tent, this may be at trib uted to the tar -
get it  self, but in cases when the tar  get dose in  ac  cu  ra  -
cies ex  ceed 5%, the dif  fer  ence be  tween ef  fec  tive
depth and pa  tient depth is the dom  i  nant fac  tor. Ac  -
cord  ing to our mea  sure  ments, a dif  fer  ence of more
than 5% in the tar get dose is bound to hap pen when the
dif fer ence  be tween  the  ef fec tive  and  con tour  di am e -
ters is more than 10%. Since dose ra  tios are used for
the  de ter mi na tion  of  the  ef fec tive  di am e ter,  its  ac cu -
racy is quite in  de  pend  ent of treat  ment pre  ci  sion,
which leads to a more com  pre  hen  sive depth value for
treat ment cal cu la tions.  There fore, the use of the ef fec -
tive  di am e ter  for  treat ment  cal cu la tion  pro vides  a
B. Ghanbar Moghaddam, et al.:  Di am e ter  Dis crep ancy  and  Treat ment  Ac cu racy  in  ...
Nu  clear Tech  nol  ogy & Ra  di  a  tion Pro  tec  tion: Year 2012, Vol. 27, No. 4, pp. 374-379 377
Fig  ure 6. Fre  quency dis  tri  bu  tion of the ra  tio of the
ef fec tive  di am e ter  (Z) to the con  tour di  am  e  ter (d) for
AP/PA and L po  si  tions
Fig ure  7.    Dif fer ence  be tween  the  pa tient  di am e ter  (d)
and  con tour  di am e ter  (dc).; the dif  fer  ences from
ef fec tive  depth  (Z) are pre  sented as neg  a  tive val  ues
Fig  ure 8. Fre  quency dis  tri  bu  tion of the ra  tio of the
eval u ated  tar get  dose  (Dmid,m) to the pre  scribed (Dmid,p)
one for AP/PA and L po  si  tionsmore re al is tic value of the tar get dose since it in cor po -
rates the im  pact of a va  ri  ety of de  ci  sive fac  tors.
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UTICAJ  NESAGLASNOSTI  PRE^NIKA  NA  TA^NOST  POSTUPKA
PRI  RADIOTERAPIJI  SPOQA[WIM  SNOPOM
Jedan od najzahtevnijih zadataka u terapiji zra~ewem je odre|ivawe konturnih podataka
ili dubine le~ewa, koji mogu da zavise od razli~itih parametara. Poznavawe ovih podataka je
presudno za prora~un terapije kao i wenu postavku. Ovaj rad je posve}en proceni uticaja odstupawa
izme|u ekvivalentnog (efektivnog) pre~nika u vodi i pacijentnog pre~nika, pri davawu doze.
Upotrebom silicijumskih dioda izvr{ena su kombinovana merewa ulazne i izlazne doze na
pacijentu tokom terapije kobaltom grudnog ko{a, abdomena i karlice. Na osnovu podataka o
transmisiji doze odre|eni su efektivni pre~nik i ciqana doza. Na osnovu na{ih istra`ivawa
otkrili smo da je razlika izme|u efektivne dubine i pacijentne dubine najuticajniji parametar
koji vodi do odstupawa u davawu doze. Razlika ve}a od 5% u datoj dozi nastaje kada je razlika izme|u
efektivnih i konturnih pre~nika ve}a od 10%. Stoga, upotreba efektivnih pre~nika za prora~un
terapije daje realnije vrednosti ciqane doze koja ukqu~uje uticaj svih efektivnih faktora.
Kqu~ne re~i: radioterapija spoqa{wim snopom, ekvivalentna dubina u vodi, dozimetrija in
.........................vivo, poluprovodni~ka dioda